Aim: To measure the labio-lingual bone thickness in the mandibular interforaminal region to facilitate safe implant placement in patients of Indian origin. Materials and Methods: Labio-lingual bone thickness was measured at 16 points in the interforaminal region of mandibles from 20 cadavers, in vitro, using Dial gauge tester. Results: Mean thickness ranged from 9.23 to 11.80 mm with a minimal value of 5.542mm in the midline region. No significant difference was noted between dentate and edentulous specimens. This confirms that the loss of tooth has no influence on the basal process of the mandible. Conclusion: The thinnest region is medially located and is narrower than the minimum required for a 3.75 mm diameter endosseous implant. Hence special attention is needed during surgical procedure to avoid lingual cortical breach and subsequent hemorrhage.
Introduction
Dental implants are an excellent alternative for the rehabilitation of edentulous patients, and have high success rates. Although implant placement is not a highly complex procedure 1, complications such as paresthesia, edema and hemorrhages have been reported [1] [2] [3] [4] . Hemorrhages, sub lingual edema and tongue elevation are complications related to implant surgical procedures in the anterior region of the mandible 5,6 . These complications are potentially relevant because they may result in obstruction of the upper airway, 7-9 . The most frequent cause of these complications is vascular injury 7 . Anterior mandibular (interforaminal) region is important in implant applications as it serves a basis for neurovascular bedding and holds the prosthesis for patients. The mental foramen (MF) is an important landmark when considering placing implants in the interforaminal region of the mandibular arch. Regarding the horizontal relationship between the MF to the lower teeth, many studies have shown that the most common site is below the second premolar 1 . In terms of the size of the MF, it is reported that the average size is 4.6-mm horizontally and 3.4-mm vertically 1 . There is extensive literature on measurement of the labio-www.jmscr.igmpublication.org Index Copernicus Value: 79.54 ISSN (e)-2347-176x ISSN (p) 2455-0450 DOI: https://dx.doi.org/10.18535/jmscr/v7i1.172 lingual bone thickness in the mandibular interforaminal region 7 However, racial characteristics or racially-based anatomical limitations have not been considered in these studies and measurements were not made at many points in the mandibular interforaminal region. The aim of this in vitro cadaveric study was to measure the labio-lingual bone thickness in the mandibular interforaminal region with the aim of facilitating safe implant placement in patients of Indian origin.
Materials and Methods
Twenty cadavers of Indian descent (19 men and 1 woman), providing 20 mandibles, were used from the collection at the Department of Anatomy, Calicut Medical College, Kerala. The ages ranged from 50 to76 years (average, 66 years). Eight of the mandibles were dentulous at the interforaminal region (dentulous group) and the other12 were edentulous (edentulous group). Cadavers with disorders that might have influenced the reliability of the study were excluded from study. In each specimen, the mandible was detached from the cadaver and completely exposed.
Landmarks and Measurements
To measure the labio-lingual bone thickness of the mandibular interforaminal region, a line was drawn between the right and left mental foramina (interforaminal line) parallel to the mandibular inferior margin ( Figure 1 ). The mid-sagittal plane was defined as the plane passing through the following 3 points: • Mid-point of the interforaminal line • Mid-point of the mandibular inferior margin (gnathion) • Highest point in the centerof the mental spine. The interforaminal line was equally divided into 4 sections on both sides of the mid sagittal plane. The lines between the interforaminal line and the mandibular inferior margin were also equally divided into 4 sections to create a grid-like pattern on the mandibular interforaminal region. The midsagittal plane was assigned a value of 0, equidistant vertical lines for both sides were drawn as 1 to 4, and the horizontal lines for both sides were designated A, B, C and D. Bone thickness measurement points were measured with a dial gauge tester (figure2). On the labial side the points were determined at each point of intersection by the defined vertical and horizontal lines. Measurement points on the lingual side were defined as the points on the lingual side corresponding to measurement points on the labial side where labio-lingual bone thickness was maximum at the same height as measurement points on the labial side (each level of A, B, C and D), when the measured mandible was placed on a flat table and the measured axes were parallel with the table. Linear distances (labiolingual bone thicknesses) between defined points on the labial and lingual sides were measured using calipers (Mitutoyo, Kanagawa, Japan). There were a total of 16 measurement points of labio-lingual bone thickness on each side (left or right) because the mid-sagittal plane formed the boundary between bilateral points. The labio-lingual bone thicknesses of both the dentate and edentulous groups were measured using the same methods described above. All mandibular specimens were also examined to investigate the existence and location of the mandibular lingual foramen in the lingual median region. The implant systems included in the study were. 1. The Branemark system 2. lmZ-Dental Implant System 3. Spectra System 4 .Integral system 5. Astra system 6 .Immediate load implant system 7. Bone fit system 8. Corevent system 9. Sterioss System From all the above systems of Implant, the implant diameter of each system was obtained (Table I) and compared with the results of Labio-Lingual bone thickness in the mandibular interforaminal region.
Observations and Result
The data obtained in edentulous groups are tabulated in Table 2 and dentulous group in Table 5 . The mean Labio-Lingual bone thickness in edentulous group ranged from 5.542mmto 8.534mm with minimum thickness of 5.542mm at point l-A near the mid sagittal plane ( Table 3 ). The mean labio lingual bone thickness in dentulous group ranged from 5.668mm to 8.255mm with minimum value of 5.668mm at point 2A ( Table 4 ). The maximum labio_lingual bone thickness was found in point 4-C near the canine region. No significant difference in labio-lingual bone thickness at each site between dentulous and edentulous groups was noted. The minimum and maximum diameter of implant in each system ranges from 3.5mm to 6.8mm. (Table I) The lingual foramen in the mandibular median region was observed in 14 of 20 mandibles (70%). In these specimens the lingual foramen was located in the area of point l-C or 1-D.
Statistical Analysis
The available data from each group was recorded. The mean, the minimal values and the maximum values of the labio-lingual bone thickness at each measurement site are calculated. The differences between the dentulous and edentulous groups were analyzed by Anova or F test (table6). Dial gauge tester with mandible Labio lingual bone thickness in dentulous mandible. No significant difference between labio lingual bone thicknesses within the two groups was seen. All horizontal, vertical effects and their interactions were eliminated.
Discussion
The labio-lingual bone thickness was measured between the mental foramina and the mandibularinferior border using the mental foramina, the gnathion, and the mental spine as anatomical landmarks, because these are easy to define clinically. In addition, the height and width of the mandibular symphysis and mental foramen region down to the lower mandibular border are not affected by bone resorption due to tooth loss, as reported by Cawood et al. 14 Also, there are no marked differences between individuals. 4 In this study, no significant difference was observed in the labio-lingual bone thickness between the dentulous and edentulous groups. The loss of teeth, as expected, had no influence on the basal process of the mandible. With the use of the above anatomical landmarks, measurement error in labio-lingual bone thickness was less than 10% of SD for all specimens (n = 10) in this study. Therefore, the measurement method used in this study is considered to be precise and reliable. Frodel et al reported that the bone surrounding an osseointegrated implant should be at least 1 mm thick 10 .In other words, labio-lingual thickness in the mandible has to be at least 5.75 mm for implant placement of a Brånemark System of 3.75 mm diameter. In the Japanese specimens, a minimal labio-lingual bone thickness at points 1-A and 1-D of less than 5.75 mm was found. Therefore, perforation may occur when a 3.75 mm diameter endosseous implant is placed in this mandibular median region. However, most complications due to perforation of mandibular lingual cortical bone were encountered in the canine and first premolar areas, according to previous studies. [1] [2] [3] [4] [5] [6] Bone thickness in the canine to first premolar area was greater than 5.75 mm in this study. Two cases were reported to be of Caucasian origin. 5,6 Other reports of complications have come from America-1 Israel-2 Sweden-3 and the Netherlands-4 and almost always referred to Caucasians. In the comparisons made in one study, Japanese people are thinner in both the mean and minimal values than Europeans in the region of the mandibular symphysis (corresponding to point 1-A in this study). However, in the first premolar region (corresponding to point 3-A in this study), European people are mostly thinner in both the mean and minimal values than the Japanese peoplethe minimal value in the first premolar region was 4 mm or 5 mm. Therefore, when an endosseous implant with a 3.75 mm diameter is placed, it seems that the Europeans have a higher possibility of perforation of the lingual cortical bone in the interforaminal canine and first premolar region as compared with findings in this study. Regarding damage to the arteries with the possibility of serious complications after perforation ofthe mandibular lingual cortical bone, Hofschneider et al mentioned that damage to the sublingual artery or the submental artery might cause severe bleeding. 7 These researchers used 17 central European cadavers and investigated the incidence, localization, and diameter of these arteries with the objective of preventing hemorrhagic complications. Tepper et al examined lingual vascular canal penetration in the mandible of 70 central European people using CT scans. 7 These researchers observed at least 1 lingual perforating bone canal in the mandibular median region in all patients. In addition, they examined the contents of bone canals in the median region of 2 cadaveric mandibular specimens and recognized them to be branches from the sublingual artery and accompanying vein. McDonnell et al examined the incidence of foramina in the lingual mid-line of 314 dried mandibles, the majority originating in eastern India, with a small number being of Australian Aboriginal origin.17. These researchers reported that lingual foramina existed in 311 specimens and the branches of sublingual arteries penetrated into the lingual foramina from the dissection of 28 wet specimens. Even for the Japanese specimens in this study, lingual foramina were observed on 7 of 10 mandibles and all were located in the mandibular median region. Therefore, for Asians, special attention is needed to ensure placement of 3.75 mm diameter endosseous implants into the mandibular median region because the lingual cortical bone might be perforated and cause damage to the branches of the sublingual arteries. In a previous study of Yuki uchinda et al in 2005 regarding the measurement of labio lingual bone thickness in Japanese cadaveric mandibular inter froraminal region observed a minimum thickness of 5.23 mm in midline. They also found that presence of mandibular lingual foramen in 70% of their samples studied.
Conclusion
This study concluded that the maximum thickness in the mandibular interforaminal region is at the midline region (5.542 mm).So special attention is required for placement of implant at the median region, otherwise the lingual cortical bone might be perforated and might cause damage to the branches of sublingual arteries of accompanying veins, which may lead to hemorrhagic complications. The margin of error is minimal. 
